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[57] ABSTRACT 
A driving and positioning system consisting of a rotor 
equipped with permanent magnets and of a stator with 
at least two windings. The windings are connected to an 
electronic voltage-supply circuit controlled by rotor 
position sensors for commutating the current. To im 
prove its adjustment potential by converting the system 
into one that can be magnetically meshed or latched, the 
stator is non-ferrous, the disk-shaped stator windings, 
which are positioned in parallel planes, are overlapped 
in such a way that the magnetic ?eld generated by the 
windings and surrounded by the coils is essentially par 
allel to the magnetic ?eld generated by the permanent 
magnets, and the rotor-position sensors are each inte 
grated into both windings. A practical electronic volt 
age-supply circuit for controlling the system is also 
described. It has two sets of multiplication stages and a 
set of addition stages in a prescribed layout. 

2 Claims, 3 Drawing Sheets 
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DRIVING AND POSITIONING SYSTEM 

This application is continuation of application Ser. 
No. 828,118, ?led 2/10/86 now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a driving and posi 
tioning system consisting of a rotor equiped with per 
manent magnets and of a stator with at least two wind 
ings, whereby the windings are connected to an elec 
tronic voltage-supply circuit controlled by rotor-posi 
tion sensors for commutating the current. 
A driving and positioning system of this type is de 

scribed in a 1978 brochure issued by the ?rm of Mag 
netic Technology, in which it is called a brushless DC 
motor. The motor is intended for various applications. 
It has a permanent-magnet rotor and a plated stator 
with a stator winding that consists of two windings. 
Appropriately positioned rotor-position sensors, which 
can be Hall sensors, determine the actual rotor position 
at any instant. The electronic voltage-supply circuit 
commutates a feed current obtained from two power 
ampli?ers to the two coils depending on the particular 
rotor position detected in such a way as to produce a 
continuous rotation. 
The effects of hysteresis in the iron circuit of the 

stator in such a motor and the relatively high electric 
time constants diminish the precision that the move 
ment of rotation can be adjusted to make it dif?cult to 
maintain a prescribed reference position. The motor 
also exhibits saturation and eddy-current phenomena in 
the soft iron as well as preferred mechanical rotor zero 
positions, leading to alternating- and direct-current 
losses. 
Also state of the art is the brushless direct-current 

motor with no iron in the stator described in “A high 
speed high-ef?ciency permanent magnetic motor-gen 
erator” by A. R. Miller, published in June 1978 by the 
Lincoln Laboratory, MIT, Lexington, Mass. As the 
rotor, equipped with a number of sector-shaped perma 
nent magnets, rotates, it induces signal voltages in the 
stationary stator winding. The voltages are employed to 
commutate the stator current in an electronic voltage 
supply circuit. This brushless motor as well makes it 
possible to obtain only dynamic commutation during 
rotation, but not to establish a desired static reference 
position. 
German Patent Application No. 2 832 387 discloses a 

direct-current motor without a collector and with an 
axial air gap. It has axially magnetized permanent mag 
nets mounted on a rotor plate and magnetically con 
nected to a rotor back-connection plate. The stator 
consists of two star-shaped drive coils superimposed 
like disks and positioned on a stationary back-connec 
tion plate that can be magnetized. The rotational-posi 
tion detector consists of two Hall generators. The sta 
tionary and magnetizable back-connection plate consti 
tutes not in a non-ferrous stator, whereas there are mag 
netizable materials present in the alternating magnetic 
?eld. 
DD Patent No. 34 431 describes a ?at and slow motor 

intended for directly driving flywheel masses. The sta 
tor has several ?at, rather trapezoidal coils. There are 
no rotor-position sensors. An electronic switch can be 
employed as a commutator, controlling the stationary 
coils one after another at a prescribed rate. The current 
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2 
can alternatively be commutated by a collector in con 
junction with slip and segment rings. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
driving and positioning system appropriate for a wide 
range of applications, especially at low temperatures, 
and allowing low-loss establishment of any desired ref 
erence angles of rotation, which will be as unlimited as 
desired and extremely stable. The system shall also 
maintain any prescribed reference position with high 
precision, consume no energy in that position, and emit 
maximum torque at even slight deviations from the 
reference position, which may be a rest position or a 
position that occurs during rotation. The system shall 
also allow high speeds at low loss. 

This object is attained in accordance with the inven 
tion in a driving and positioning system of the aforesaid 
type wherein the stator is non-ferrous, wherein a disk 
shaped stator windings I and II, which are positioned in 
parallel planes, are overlapped in such a way that the 
empty spaces inside the coils are all completely occu 
pied by webs on other coils, whereby the magnetic ?eld 
generated by the windings and surrounded by the coils 
is essentially parallel to the magnetic ?eld generated by 
the permanent magnets, and in that the rotor-position 
sensors are each integrated into both windings I and II. 
A system of this type, which does not involve iron in 

the stator, will make it possible in conjunction with an 
appropriate electronic voltage-supply and voltage-con 
trol circuit to position the rotor precisely at any desired 
reference angle [3 of rotation. It will be possible to pre 
cisely establish the reference position with a powerful 
retentive force even after a prescribed rest position is 
arrived at. The rotor will behave as it rotates and in its 
established reference position practically as if magneti 
cally meshed or latched, and every deviation from the 
prescribed in-motion or at-rest position will encounter 
powerful magnetic forces. The aforesaid non-ferrous 
design will allow extremely precise and low-loss con 
trol and provide power uptake that depends only on the 
deviation from the reference value. 

Rotor-position sensors are sensors that generate sig 
nals that depend on a magnetic ?eld. It is preferable to 
employ sensors that determine not only the magnitude 
but also the sign of the magnetic ?eld and release elec 
tric output signals. 

It can also be practical for the rotor-position sensors 
to be Hall sensors, which are in themselves known, 
resulting in bene?cial input parameters for the elec 
tronic voltage supply and control circuit. 

It is practical to provide more rotor-position sensors 
than windings I and II. There should be rotor-position 
sensors not only to allow the commutation but more 
than these to detect the position of the rotor and thus to 
provide additional rotor-motion parameters that can be 
processed for use in a control circuit. Since two wind 
ings make it possible to obtain the desired information 
with a minimum of two rotor-position sensors, there 
will be at least as many sensors as windings. In designs 
with more than two windings, however, the requisite 
signal values can be obtained with as many sensors as, 
or with less sensors than, there are windings. 
One preferred embodiment of the invention employs 

four rotor-position sensors in conjunction with a stator 
winding consisting of two windings I and II and dis 
placed by an angle ‘Ir/2n, wherein n is the number of 
pairs of poles generated by the permanent magnets and 
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determining the air gap that the stator windings I and II 
are positioned in. Speci?cally, the angular displacement 
equals (1+4 m)-1r/2n, wherein m=0, l, 2, 3, . . . can 
assume any whole-number value. 
The opposing pairs of poles at the air gap can be 

generated by different means, especially by opposing 
disk~shaped permanent magnets or by the pole shoes of 
an iron circuit that contains one or more permanent 
magnets. 
With respect to design it seems to be practical for the 

rotor to be an annular ferromagnetic support with a 
U—shaped cross-section and with a number of pairs of 
poles generated by the permanent magnets and deter 
mining the air gap that the stator windings I and II 
engage positioned on the opposing inner surfaces of its 
legs. 

In this case it is practical for U-shaped cross-section 
of the support to have annular surfaces that face each 
other and are coaxial to the axis of rotation or cylindri~ 
cal surfaces that are concentric with the axis of rotation. 
Designing the support with parallel annular surfaces 
result in a system that is compact, which is practical for 
various applications. 
Although a system of the overall type just described 

can be combined with various types of electronic volt-= 
age-supply circuits, the circuit that will now be de= 
scribed seems to be especially practical, facilitating 
unobjectionable magnetically meshed or latched motion 
on the part of the rotor and precise establishment of 
prescribed reference positions. 
An electronic voltage-supply circuit of this type can 

be practically constructed for two windings in that the 
output signals U111, U32, U112, and U114, from at least two 
rotor-position sensors are supplied to associated multi 
plication stages ‘in, 1T2, a3, and 1T4 where they are 
multiplied by signal values derived from the reference 
angle B of rotor rotation and in that the windings I and 
II are connected to associated power ampli?ers Li and 
L; that have their inputs connected to other multiplica 
tion stages #5 and 1% that are supplied with the output 
signals U111 and UH; from two rotor-position sensors 
and with further input signals that are constructed by 
addition stages 21, E2, ‘and 23 out of the output signals 
from the ?rst multiplication stages 1n, #2, tr 3, and ‘#4. 
One practically proven circuit employs four rotor 

position sensors, displaced at an angle 1r/2n. A constant 
rotation of the rotor will yield for example a sinusoidal 
curve for the ?eld that rotates along with the pairs of 
poles and ?eld-proportional sinusoidal Hall-sensor sig 
nals, with each signal displaced at an angle 1r/4 from its 
predecessor. This results in the signals from Hall sensors 
H1, H2, H3, and H4, depending on the relative angle a of 
rotation, of 

where C is a constant numerical value. 
The output signal from each of the four Hall sensors 

is supplied to an associated multiplication stage, where 
it is multiplied by various signal values a, b, c, and d, 
which, as functions of reference angle ,8 of rotation, 
have the dimensions 
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As long as actual angle a of rotation differs from refer 
ence angle ,8 of rotation, therefore, the electronic volt 
age-supply circuit will supply load currents in accor 
dance with the direction of rotation through the power 
ampli?ers associated with the corresponding windings. 
The magnetic ?eld generated by the activated windings 
will attempt decrease the control deviation. 
Other appropriate elements can also be employed 

instead of Hall sensors to detect the positions. Another 
design, in which rotor-position signals are generated by 
a separate and additional system of permanent magnets 
or by a different type of signal-generator system can 
also be employed instead of sensing carried out by ro 
tor-position sensors integrated into the windings. 
A system with a non-ferrous stator and disk-shaped 

stator windings positioned in parallel planes will, in 
conjunction with the aforesaid electronic voltage~sup 
ply circuit, unobjectionably position a component that 
is to be driven and that is connected to the driving unit, 
a support for instance. Magnetically meshing or latch 
ing the rotor as it rotates enables powerful forces to be 
transmitted to the driven component even at slow 
speeds or at rest, forces that will compel its positioning 
within the prescribed time function of the reference 
angle of rotation. 
Some preferred embodiments of the invention will 

now be described with reference to the attached sche 
matic drawings, wherein 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 11 is a developed view of the rotor and stator 
winding represented as a function of angle a of rotation, 
FIG. 2 is a graph with respect to time of the activity 

of the Hall-sensor signals in FIG. 1 at constant rotation, 
FIG.'3 is a block diagram illustrating how the Hall 

sensor signals from FIGS. 1 or 2 are processed, 
'FIG. 4 illustrates an embodiment in which the pairs‘ 

of poles are positioned on annular surfaces on the rotor, 
and 
FIG. 5 illustrates an embodiment in which the ‘pairs 

of poles are positioned on cylindrical surfaces on the 
rotor. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The top of FIG. 1 shows two mutually displaced 
windings I and II below the poles (X) and (o) of a rotor. 
Since windings I and II overlap in a practical way, the 
empty space inside the coils of one winding is com 
pletely occupied by the webs of the coils of the other 
winding. The empty space inside the coils is accord 
ingly exploited in a practical way. Hall sensors H1, H2, 
H3, and H4 are integrated into the windings in the posi 
tions indicated relative to the windings or to their coils. 
The bottom of FIG. 1 shows the strength of the mag 
netic ?eld generated by the rotor poles, speci?cally in a 
static situation-fat time t=0, resulting in Hall-sensor 
signals that correspond to the sinusoidal curve of ?eld 
strength as a function of angle a of rotation. 
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FIG. 2 illustrates the dynamic situation with the rotor 
rotating at constant speeds, each as the function of a 
particular Hall-sensor signal over time. 
The block diagram in FIG. 3 illustrates how the Hall 

sensor signals are further processed. The four Hall sen 
sors H1, H2, H3, and H4 are constantly supplied with 
current from a source Ic. The four Hall-sensor signals 
UH‘, U112, U33, and U114 are appropriately ampli?ed by 
downstream ampli?ers V1, V2, V3, and V4 and supplied 
to multiplication stages 111, 112, 11-3, and #4, where 
they are multiplied by various signals a, b, c, and d in 
such a way that signals a-Um, b-UH2, c-UH3, and d-UH4 
appear at the multiplication-stage outputs. 

Signals a, b, c, and d are functions of prescribed refer 
ence angle B of rotation and are generated from the 
functions sin (n1r/2) and cos (n1r/2) in such a way as to 
result in the equations - 

The output signals from multiplication stages ‘In, 
11-2, 1r3, and #4 are then added together in addition 
stages 21, 22, and 23, and the total supplied through a 
servo ampli?er R to two other multiplication stages #5 
and 11-6, which Hall-sensor signals UH] and U112 are also 
directly supplied to. A signal that activates a power 
ampli?er L1 connected to winding I is then constructed 
from the product of U111 and from the total signal from 
E3 ampli?ed in power ampli?er R. A signal that acti 
vates another power ampli?er L; that supplies winding 
II is similarly generated through multiplication stage 
1r6 as the product of Hall-sensor signal UH; and the 
signal 23 ampli?ed in servo ampli?er R. 
Ampli?ers V1, V2, V3, and V4 should be stable, low 

noise, and rapid proportional ampli?ers. Servo ampli 
?er R can be employed to determine the effect of total 
output signal 23 on each of the products to be con 
structed in downstream multiplication stages #5 and 
1r6. 
The prescribed reference angle B of rotor rotation 

can be established in a reference generator SW as a 
function over time. In the simplest case, voltages corre 
sponding to a speci?c reference angle can be tapped 
from a voltage divider. 
For a single motion is B =f(t), and B(t)=2m/t for 

continuous rotation at a speed of 2v/n, where v is the 
frequency of oscillation of signals a, b, c, and d. Sin 
(nB/Z) and cos (nB/2) are constructed in a computer G 
from prescribed reference angle B of rotation and sup 
plied to an adding ampli?er 2B and to a differential 
ampli?er AB, which generate one of the input parame 
ters of initial multiplication stages #3 and 14. Each of 
the other input parameters consists of a Hall-sensor 
signal U113 and U114. Thus, aforesaid signals a, b, c, and 
d will be at the initial inputs of initial multiplication 
stages n, #2, v3, and "4. The output signals from 
adding ampli?er 2B and differential ampli?er AB are 
cos (nB/2+1r/4) and cos (nB/ 2+ %'rr), speci?cally c and 
d 
The four Hall sensors in this circuitry sense the in 

stantaneous local ?eld activity in relation to one coil of 
the windings and compare it to a theoretical reference 
curve obtained from reference angle of rotation B. The 
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6 
electronic controls activate windings I and II in such a 
way that both curves coincide as much as possible in a 
state of equilibrium. Thus, actual angle a of rotor rota 
tion will coincide with each prescribed reference angle 
B, which can be a constant or a prescribed reference 
function with respect to time. Since the Hall sensors can 
sense with practically in?nite resolution, any desired 
angle a of rotor rotation can be established with high 
resolution, and precisely guided motions can be carried 
out because, at the slightest deviation of actual angle a 
from an instantaneous reference angle ,8, a maximal 
torque will be generated to readjust it. 

Thus, the rotor will always be in an electrodynami 
cally meshed or latched state, with the particular posi 
tion established and shifted electronically. Since the 
meshed position can also rotate at constant speed, 
speeds that are as low as possible can be established at 
full torque. The electronic meshing or latching resulting 
from the special non-ferrous design of the system’s coils 
in conjunction with the particular electronic voltage 
supply circuit far exceeds mechanical meshing or latch 
ing in precision, reproducibility, and life. Since the 
rotor has no preferred mechanical zero position, elec 
tric power will essentially be consumed only when 
de?ecting forces act from the reference position. 
The absolute rotor position is initially dependent on 

the number of poles. 
If the prescribed maximal torque is exceeded, the 

drive will disengage and can assume one of the other 
n/2 possible catch positions distributed around the cir 
cumference. In applications in which this approach is 
impermissible, absolute de?nition can be attained with 
additional known means (identi?cation and count-off of 
the meshing situations) or by installing a permanent 
magnet system with n=2. The system can also be oper 
ated like any other drive system in normal servo func 
tion by means of external position indication as well as 
converted to ungoverned motor operation. Combina 
tion with other analog or digital encoder is also possi 
ble. 
FIGS. 4 and 5 illustrate two possible embodiments of 

the physical driving and positioning system. The ferro 
magnetic support for the rotor 1 illustrated in FIG. 1 is 
in the form of a coil and supports two annular disks 2 
and 3 with permanent magnets that create a pair 4 and 
5 of poles mounted on its inner surface. A non-ferrous, 
stationary, and disk-shaped stator winding 6 engages 
the air gap between pair 4 and 5 of poles and annular 
disks 2 and 3. Stator winding 6 has a cross-section in the 
shape of an I and includes the coils, cast out of resin, of 
two windings I and II along with Hall-sensor supports 
7, which are adjustable in position. A shaft that is to be 
driven is directly inserted in a central recess 8 in rotor 1, 
which it is connected to in such a way that it cannot 
rotate relative to rotor 2. In the particular embodiment 
illustrated, a stop pin 9 secures annular disks 2 and 3 in 
such a way that they cannot rotate. 
The support illustrated in FIG. 5 has two concentric 

annular cylindrical surfaces 10 and 11 that support a 
pair 4 and 5 of poles. The stator winding 6 in this em 
bodiment is also non-ferrous. It has a cross-section in 
the shape of a T, but cylindrical. Hall sensors 7, which 
are adjustable in position, are integrated into windings 
cast out of arti?cial resin. 
One essential feature of the invention is that the rotor 

position sensors are integrated into both windings, re 
sulting in an especially favorable shape for the signals 
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generated in the rotor-position sensors by the perma 
nent magnets. In the present embodiment this is ensured 
by overlapping the windings in parallel planes. This 
design also makes it possible to position the sensors in 
relation to the windings in such a way that the upstream 
effect of the windings on the position sensors associated 
with them by means of the electric control circuit re 
mains slight. 

It will be appreciated that the instant speci?cation 
and claims are set forth by way of illustration and not 
limitation, and that various modifications and changes 
may be made without departing from the spirit and 
scope of the present invention, 
What is claimed is: 
1. In a driving and positioning system having a rotor 

with permanent magnets, a stator with at least two 
windings, rotor-position sensors, and an electronic volt 
age-supply circuit connected to the windings and con 
trolled by the rotor-position sensors for commutating 
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8 
the current to the windings, the improvement wherein 
the circuit comprises ampli?er means responsive to 
output signals from at least two rotor position sensors, 
?rst multiplication stages for multiplying the output 
signals from said ampli?er means by signal values de 
rived from a reference generator, power ampli?ers 
connected to said at least two windings, addition means 
for adding the output signals from the ?rst multiplica 
tion stages, second multiplication stages for multiplying 
the output signals from at least two rotor-position sen 
sors with the output signals from the addition means 
and wherein the outputs of the second multiplication 
stages are connected to the inputs of the power ampli? 
ers for controlling the commutation of said windings. 

2. The system as in claim 1, wherein the circuit has 
four rotor-position sensors displaced at an angle ‘IT/2X1, 
where n is the number of pairs of rotor permanent mag 
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